Plant root-microbe interactions influence plant productivity, health, and resistance to stress. 28
Introduction 53
The rhizosphere (the narrow zone of soil surrounding plant roots) is a highly diverse and active 54 microenvironment. In addition to influencing soil structure, moisture, and nutrient availability (Marschner 55 et al. 1987 One factor that can strongly influence rhizosphere community composition is plant host identity. In addition to the influence of plant host identity, environmental factors can also shape the 77 rhizosphere microbiome. For example, the local environment directly affects rhizosphere communities by 78 determining the available source pool of microorganisms, since soil microbial communities are structured 79 by both spatial and environmental gradients (Fierer and Jackson 2006; Xue et al. 2018 ; Rath et al. 2019 cooler as a result of proximity to the Pacific Ocean, which drives the production of summer sea fog. 100
However, coastal populations of M. guttatus contend with pervasive oceanic salt spray, for which they are 101 locally adapted (Lowry et al. , 2009 ). Here, we planted coastal and inland ecotypes of M. guttatus in 102 both coastal and inland sites and investigated rhizosphere and bulk soil microbial community composition 103 after three months of growth. 104 at each field environment from plants that were spatially distributed across all three plots. Rhizosphere 139 soil was isolated by uprooting the plant with a trowel, discarding excess soils from around the roots, and 140
shaking what soil remained attached to the root into a sterile Whirl-Pak bag. Rhizosphere soils were 141 homogenized with an ethanol-sterilized metal spatula, aliquoted into cryovials, flash frozen in liquid 142 nitrogen, and stored on ice. Above-and belowground tissue for each plant was stored in a paper bag and 143 transported at ambient temperature to the lab at Michigan State University, washed with distilled water, 144 and dried for 1 week at 60°C before measuring dry biomass. In addition, bulk soil cores (10 cm x 2 cm) 145
were collected randomly across the three plots at each site, sieved, and homogenized in a sterile Whirl-146
Pak bag and stored on ice. Bulk soil samples were subsequently analyzed for phosphorus, potassium, 147 calcium, magnesium, copper, percent organic matter, sodium, nitrate, ammonium, percent nitrogen, and 148 sulfur at the Michigan State University Soil and Plant Nutrient Laboratory following their standard 149 protocols (http://www.spnl.msu.edu/). Gravimetric soil water content was determined from the loss of 150 mass in soils dried for one week at 60°C. We assessed significant differences in soil chemistry with t-tests 151 in R 3.5.0 (R Core Team 2018). The homogeneity of variance assumption was assessed using both 152
Bartlett's and Levene's tests (Levene 1960; Snedecor and Cochran 1989) Statistical analyses were performed in R 3.5.0 (R Core Team 2018). We assessed the effects of 184 abiotic (phosphorus, potassium, calcium, magnesium, copper, percent organic matter, sodium, nitrate, 185 ammonium, percent nitrogen, and sulfur) parameters on microbial community composition by fitting 186 variables to weighted UniFrac distance with the R package vegan v2.5-2 (Oksanen et al. 2018). We 187 included parameters that had significant explanatory value (p < 0.1) for PCoA axis 1 or 2. Differences in 188 community composition across categorical groups (rhizosphere versus bulk soil, inland versus coastal 189 sites, inland versus coastal ecotypes at each site, etc.) were calculated with PERMANOVA (Anderson 190
2001). We also tested for differences in group dispersions with PERMDISP (Anderson 2006). For alpha 191 diversity metrics (species richness, phylogenetic diversity, and Shannon diversity), we tested for 192 differences between ecotypes at each site, and between each ecotype and bulk soil at each site, using t-193
tests. Next, we selected the twenty most abundant taxa at the class level and tested for differences in 194 abundance of these taxa using t-tests with an FDR-adjusted p-value for multiple comparisons. Within 195 each site, we compared inland versus coastal ecotypes, as well as each ecotype versus bulk soil. We also 196 compared genotypes within ecotypes at each site. 197
Given that the coastal and inland ecotypes differed in community composition only at the inland 198 site, we further explored the inland site alone to better understand the factors distinguishing the 199 microbiomes of the two ecotypes. First, we conducted an indicator species analysis, which aims to 200 determine which taxa are characteristic of a given treatment group, taking into account the abundances of 
Soil characteristics and plant performance differ across sites 218
The coastal and inland sites had very different soil properties (Table 1) . Nearly all measured 219 abiotic parameters significantly differed between the coastal and inland sites, with the exception of pH, 220 ammonium, nitrate, and percent nitrogen. Plants also performed differently in the coastal and inland sites. 221
Plants grown in the coastal site tended to be larger in both shoot and root mass than those grown in the 222 inland site ( Figure S1 ), although this was only significant for genotype MRR (coastal ecotype). 223
Site and ecotype influence microbial community composition 224
A principal coordinates analysis based on weighted UniFrac distances found that two axes 225 captured nearly 60% of the variation in the amplicon sequencing dataset (45.8% variation explained for 226 PC1 and 13.9% for PC2) (Figure 1 ). Numerous abiotic parameters had significantly explanatory value for 227
PCoA axis 1, which largely distinguished the coastal and the inland sites. Coastal site samples were 228 associated with greater moisture content, sodium, phosphorus, and sulfur, while inland site samples were 229 associated with greater potassium, calcium, magnesium, and copper ( Figure 1) . 230
PERMANOVA revealed significant clustering of microbial communities by sample type 231 (rhizosphere versus bulk soil; F=8.011, P=0.001) and site (coastal versus inland; F=43.227, P =0.001), as 232 well as their interaction (F=4.307, P =0.006). We therefore investigated further by dividing the dataset by 233 site and found that rhizosphere and bulk soils significantly differed in community composition at both the 234 coastal and the inland sites (F=8.2951, P=0.001; and F=4.918, P =0.005, respectively), and differed in 235 variability by PERMDISP at the coastal site (F=10.73, P=0.002). We next subdivided the rhizosphere 236 samples by ecotype. We found that site influenced community composition for both the coastal 237 (F=28.828, P=0.001) and inland ecotypes (F=16.319, P=0.001). In addition, the coastal ecotype differed 238 in variability between the two sites (F=7.3244, P=0.013). Next, we found that inland ecotype 239 rhizospheres differed from bulk soil in community composition at both the coastal and inland sites 240 (F=6.2055, P=0.001; and F=5.2513, P=0.007, respectively), and differed in variability at the coastal site 241 (F=13.198, P=0.004). Similarly, coastal ecotype rhizospheres differed from bulk soil at both the coastal 242 and inland sites (F=10.474, P=0.001; and F=3.8461, P=0.004, respectively). We also tested for 243 differences between ecotypes at each site and found that inland and coastal ecotypes differed in 244 community composition at the inland site (F=3.279, P=0.006), but not at the coastal site (F=1.6859, 245 P=0.095). Finally, we tested for differences between genotypes (within each ecotype at each site), and 246 found that genotypes did not differ in any instance (all P>0.1). 247
Ecotypes differ in rhizosphere communities at inland site 248
Across environments and ecotypes, we detected 14,869 OTUs spanning a breadth of phylogenetic 249 diversity. Overall, alpha diversity metrics did not differ between either ecotype and bulk soil at either site 250 ( Figure 2 ). However, the inland ecotype exhibited greater species richness (t=-3.2507, P=0.006), 251 phylogenetic diversity (t=-3.2446, P=0.004), and Shannon diversity (t=-2.9905, P=0.012) than the coastal 252 ecotype at the inland site ( Figure 2) . Anaerolineae, Gemmatimodetes, Nitrospira, Deltaproteobacteria, and OPB35-Soil, and higher relative 261 abundance of Thermoleophilia, Cytophagia, Sphingobacteria, KD4-96, Planctomycetacia, and Alpha-262 proteobacteria, compared to bulk soil (Figure 3) . Similarly, at inland site, both ecotypes exhibited lower 263 relative abundance of Nitrospira and higher relative abundance of Planctomycetacia compared to bulk 264 soil. There were exceptions to this rule, however. For example, at the inland site, the inland ecotype 265 exhibited lower relative abundance of Acidobacteria, Gemmatimomdetes, Spartobacteria, and higher 266 relative abundance of Actinobacteria compared to bulk soil, while the coastal ecotype did not (Figure 3) . 267
Directly comparing the coastal and inland ecotypes (Figure 4 ), we found that the two ecotypes 268 exhibited very similar relative abundances of microbial taxa at the class level. The two ecotypes did differ 269 in the abundances of several highly abundant taxa, but only at the inland site. At the inland site, the inland 270 ecotype had higher relative abundance of Cytophagia, Deltaproteobacteria, Gammaproteobacteria, and 271
Verrucomicrobiae, but lower relative abundance of Acidobacteria, than the coastal ecotype ( Figure 4) . 272
Genotypes within each ecotype did not differ in relative abundances of taxa at either the coastal or the 273 inland site ( Figure S2) . 274
Presence/absence of rare taxa differs between coastal and inland ecotypes at the inland site 275
Given that inland and coastal ecotypes differed in overall community composition (Figure 1 Interactions between plant roots and soil microorganisms strongly influence plant health and 297
productivity, yet the relative role of host plant identity versus the local environment in shaping the 298 rhizosphere microbiome is not well understood. To begin to unravel this we examined the rhizosphere 299 communities of two ecotypes of M. guttatus, which are locally adapted to distinct environments, in a 300 reciprocal transplant experiment. 301
The local environment (coastal versus inland site) strongly influenced rhizosphere microbial 302 communities in M. guttatus. This effect is due, at least in part, to distinct microbial source pools in the 303 bulk soil at each site. This finding was not surprising given that abiotic conditions strongly differed 304 between the two sites and microbial community structure is often influenced by environmental gradients 305 . We hypothesize that variable root exudate composition and/or 344 root morphology between M. guttatus ecotypes acts to differentially shape rhizosphere community 345 structure in these ecotypes. Nevertheless, our results show that the effect of host plant identity is 346 environment-dependent, given that the two ecotypes did not differ in community composition when 347 planted at the coastal site. This complex interplay between host identity and environment is in agreement 348
with the contrasting results seen in studies of cultivated crops. For example, some studies report that 349 differences in rhizosphere community composition across species or genotypes are environment- It is worth noting that numerous taxa were detected in the M. guttatus rhizosphere that were not 361 detected in bulk soil. One possible cause of this discrepancy is that the ecotypes recruited taxa that were 362 so rare in the bulk soil that they were below the threshold of detection. Another possibility is that some 363 taxa were carried over from the horticultural soil in which the seedlings were originally germinated before 364 transplanting to the field. A final possibility is maternal packaging of microbial endophytes in the seed 365 in Mimulus and its potential relevance for plant productivity and local adaptation. 369
In summary, we found that the local environment (coastal versus inland site) strongly influenced 370 rhizosphere communities, at least in part due to distinct composition of the microbial source pool at each 371 site. Although host plant identity also influenced rhizosphere community composition, it was to a much 372 smaller extent than the influence of the environment. At each site, the two ecotypes exhibited remarkably 373 similar composition of microbial communities at the class level, indicating that divergent M. guttatus 374 ecotypes recruit phylogenetically similar rhizosphere communities, even in environments to which they 375 are maladapted. Nevertheless, the two ecotypes did differ in rhizosphere community composition at least 376 at the inland site primarily, due to rare (low abundance and low occupancy) OTUs. Overall, the 377 environment-dependence of the differences between ecotypes in rhizosphere communities indicates that 378 strong environmental gradients can obscure plant genetic factors in regulating the M. guttatus 379 microbiome. Our findings demonstrate that wild plants strongly impact the structure of soil microbial 380 communities regardless of environment, yet also highlight the context-specific interactions between host 381 identity and local environment in shaping those communities. Gu, Y., Wei, Z., Wang, X., Friman, V. P., Huang, J., Wang, X., Mei, X., Xu, Y., Shen, Q., and Jousset, A. 492 
Pathogen invasion indirectly changes the composition of soil microbiome via shifts in root 493
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